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REMEDIATION OF SOILS CONTAMINATED WITH POLYCHLORINATED BI PHENYLS 
(PCBS) AND OTHER ORGANOHALOQENS BY SIMULTANEOUS PCB EXTRACTION 

AND DESTRUCTION 

5 FIELD 

The present invention relates to a method of simultaneously 
extracting and destroying polychlorinated biphenyls (PCBs) in 
contaminated solids, such as soil. 

10 BACKGROUND 

Tn e existence of large numbers of sites with soil 
extensively contaminated by organohalogens , especially PCBs, 
Q requires economical cost effective treatment methods. Although 
sj incineration has been shown capable of destroying pcbs this form 
||15 of PCB treatment has been implicated in dioxin and chlorinated 
^ dibenzofuran emissions and has been banned for use in certain 

8 countries such as Australia and Japan (References 1,2). Both 

a _ 

^ furan and dioxins are considered to be highly toxic 

W (carcinogenic) . As such, there is a need for cost effective PCB 

p20 decontamination methods, including soil decontamination, which 

jy 

do not involve PCB incineration. 

Getman et al in U.S. patent 6,049,021 describe remediation 
of soil contaminated with PCBs. This patent describes the 
destruction of PCBs in soil using a variety of methods combining 
the following basic elements: 
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l. PCB extraction of soil by liquid ammonia. 



2. Dissolution of sodium metal into PCB- contaminated liquid 
ammonia . 

3 . Destruction of PCB in liquid ammonia by dissolved sodium 
5 metal . 

Although this technique clearly shows high destruction of PCB in 
soil it suffers from the following problems: 

• Very long reaction times e.g. >30 minutes (see Example 2) . 

• Need to refrigerate ammonia with soil with stirring before 
addition of sodium metal (see Example 4) . 

• Need to operate with hazardous pressurized anhydrous 
ammonia gas in a stirred vessel (see Example 2) . 

• Extremely high ammonia dose on soil e.g. 9 litres ammonia 
per kilogram of soil (see Example 2) . 

• Generation of ammonia containing residual wastes 
"filtrates" (see Example 2) . 

• Awkward temperature cycling between 0 °C and 20 to 40 °C 
(see Example 4) or -78 °C (see Example 3) . 

• Awkward, time consuming, multiple soil extractions with 
ammonia before addition of sodium metal (see Example 4) . 
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United States patent 5,228,921 to Peterson describes a 
method for extracting organohalogens from organohalogen 
contaminated solids such as PCBs from PCB contaminated soils. 
United States patent 5,376,182 to Everett et al describe PCB 
extraction from PCB contaminated soil with ultrasound at 10 to 
60 kilohertz frequency. Although these extraction methods 
successfully remove PCBs from soil, they do not destroy the 
PCBs. 



PCT application WO 02/22252 Al to Collings describes 
ultrasonic destruction of PCBs in a one-step process. However 
processing times are excessive (e.g. 60 minutes) and PCB 
g destruction efficiency is low (e.g. 75%) (page 10, lines 20-25). 

Sj,' 

J 15 eco Logic at web page www, eco-logic-intl . com in a brochure 

^ dated April 2001 and entitled "The TORBED/GPCR combination for 
s Soil, Sediment and Sludge Treatment" describe a multi-step 

process for removal and destruction of PCBs in solids such as 



Hi soils as follows: 
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1. High temperature (e.g. 600 <>C) thermal desorption of PCBs 
from soils by volatilization. 

2. High temperature (e.g. 875°C) gas phase reduction of 
volatilized PCB exhaust gas from step 1 with a reducing gas 
such as hydrogen. 

3 . Scrubbing of exhaust gas from step 2 to recover toxic 
and/or corrosive gases such as hydrogen chloride produced 
from reduction of PCBs. 
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4. Compression and/or storage of scrubbed exhaust gas from 
step 3* 

5. Incineration and/or recycling of scrubbed exhaust gas from 
step 4 to steps 1 and/or 2 respectively. 

Although the Eco Logic method clearly destroys PCBs in soils it 
suffers from the following problems: 

• Generation of toxic and/or corrosive exhaust gas (e.g. 
Ul hydrogen chloride) and spent scrubber solutions. 

Q 
W 

N • Use of potentially explosive hydrogen gas at high 

IP I 5 temperature. 
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• Five or more processing steps. 

• Two energy intensive, high temperature processing steps. 

There is a need for a low temperature process which can 
quickly extract and destroy PCBs in one step thereby reducing 
the number of processing steps, the size of equipment and their 
cost. 

25 SUMMARY OP THE INVENTION 

The current invention relates to the simultaneous 
extraction and destruction of PCBs in contaminated solids, such 
as soil. The current invention quickly extracts and destroys 
PCBs by combining the contaminated soil with an alkali metal, 

4 
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such as sodium, as well as an inert alkali-metal liquid carrier, 
such as kerosene. The combination is then placed in a sealed 
sonication chamber to effect melting of the alkali metal, which 
causes simultaneous extraction of PCB from the contaminated soil 
into the liquid carrier and destruction of PCBs by the molten 
alkali metal. A method of stripping the inert alkali -metal 
liquid carrier is then employed, resulting in remediation of the 
contaminated soil. 

In contrast to the prior art, the use of this method allows 
remediation of solids, such as soil, in one reaction chamber 
using sonication, and at relatively low temperatures, which 
p avoids the highly toxic emissions caused by high temperature 
incineration. 

=f= 15 

m 

r* One advantage of the current invention is the use of kerosene 

ill 

as an extractant resulting in a significant reduction in the 
amount of extractant required. 

rti 
w 

O 20 DETAILED DESCRIPTION 

m . 

The following remediation method can be applied to solids, 
such as soil, contaminated by organohalogens , especially PCBS: 

1. Air-dry and sieve PCB contaminated soil. 

2. Combine sieved, air-dried PCB contaminated soil from step 1 
with an alkali metal (e.g. sodium) in an essentially inert 
alkali -metal liquid carrier (e.g. kerosene or other 
hydrocarbon) and place inside a seaied sonication chamber. 
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3. Heat the sonication chamber from step 2 to effect melting 
of the alkali -metal (e.g. sodium) and apply sonication to 
effect simultaneous extraction of PCB from the contaminated 
solids into the liquid carrier and destruction of extracted 
PCBs by molten alkali metal (e.g. sodium) . 

4. Discharge the sonication chamber reaction product from step 
3 and use any one of the non- limiting soil/liquid carrier 
separation, alkali hydroxide (e.g. sodium hydroxide) by- 
product neutralization methods described below. 

5. Recycle the treated soil. 

Referring to step 4, a variety of non limiting- techniques 
for stripping the inert alkali -metal carrier (e.g. hydrocarbon 
such as kerosene) from the soil together with soil recycling 
include the following: 

• For coarse-grained soils, addition of water (the same or 
higher volume than the hydrocarbon oil) followed by vigorous 
mixing in the sonic generator chamber (or in a separate 
vessel) results in water wetting of the solid phase. When 
the' agitation is stopped, the oil floats on the water phase 
and can be recovered by decantation. Water addition/mixing 
followed by settling and oil decantation will be the primary 
stage of oil stripping in most cases. 

• More commonly the soil in the water phase after primary oil 
decantation will retain a significant amount of oil and 
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require treatment by froth flotation to achieve the required 
oil content for recycling. 

• When stringent criteria <<20,ppm) apply to the oil content of 
recycle soil, oil sorption by coarse granular activated carbon 
can be used to achieve very low residual oil levels. 

• The oil recovered by decantation will normally contain a 

portion of the fine-grained solids from the treated soil. 

Depending on the nature of the soil being treated, methods to 

recover solids from the recycle oil phase include secondary 

^ water scrubbing with a surfactant, centrifugation or 

® filtration. 

£ 

J15 . Removal of water from treated soil can be achieved by simple 
ry drainage for coarse-grained soil. For finer material vacuum 

| or pressure filtration will provide a handleable material for 

recycle. 
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The methods described above are either standard practice or 
slight variants of standard mineral processing operations 
(references 3,4) . 



Modern practice in solvent extraction also provides 
25 examples of technology for removal of fine solids (*crud« in 

industry jargon) from the organic phase which typically contains 
>50% hydrocarbon oil as diluent as well as the oil soluble 
extraction reagent. 
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During the water contact /oil separation operations, sodium 
hydroxide (NaOH) is formed from any residual sodium metal and by 
hydrolysis of the sodium-aromatic hydrocarbon bond formed during 
the dechlorination reaction. Sodium hydroxide is known in the 
mineral processing industry as a (water) wetting agent for many 
minerals, and may assist in the oil removal operation. However, 
neutralization of sodium hydroxide will be required prior to 
discharge of process water. This can be achieved by a variety 
of non- limiting methods including: 

• Injection of carbon dioxide gas into the aqueous phase to 
convert sodium hydroxide into sodium carbonate or bicarbonate 

g • Addition, under pH control, of sulfuric acid to form neutral 
W sodium sulphate 

I 

p5 The following example illustrates the effectiveness of the 
*W invention: 

m 

=p Example 1 

ry 

Ul 1. PCB- contaminated soil was air dried and sieved to -6 mesh. 

P 

m 

20 2. two kilograms of soil from step l was combined with 0.6 
litres of commercially available kerosene (i.e. a 0.3 litre 
kerosene to l kg soil weight ratio) and 45 grams of solid sodium 
metal in a 3.2 litre grinding media-free sonication chamber 
attached to a 20 kilowatt sonic driver. 
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3 . The sealed sonication chamber was mounted on the 20 
kilowatt sonic driver and was heated to 115»C using heat from a 
propane torch. The sonic chamber heating jacket was filled half- 
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way with ethylene glycol antifreeze to aid in heat transfer to 
the sonic chamber ingredients. Once the desired temperature was 
reached (e.g. alkali metal melting point or higher), sonication 
was commenced. 
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As an example, the sonication temperature was 114 °c at the 
end of a 6 minute run. The following table illustrates PCB 
destruction as a function of time using the above approach on a 
soil with an initial PCB content of 424 ppm (micrograms/gram) : 



Sonication Time in 
minutes 


PCB ppm in 
soil 


% PCB 

destruction 


0 


424 


0 


l 


12.7 


97.0 


2 


8.4 


98.0 


5 


2.2 


99.5 


6 


2.5 


99.4 



A 99.5% destruction of 424 ppm PCB contaminated solid with a 45 
g. sodium to 2000 g soil dose ratio was achieved in 5 minutes. 

Using kerosene as an extractant required approximately 0.3 
liters of kerosene to one kilogram of soil. This ratio 
represents a 30 fold reduction in the volume of extractant 
required as compared to the ammonia extractant of the Getman 
patent . 
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